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1
LAWN MOWER

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based upon and claims the benefit of
priority from Japanese Patent Application No. 2016-037306
filed on Feb. 29, 2016, the contents of which are incorpo-
rated herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a technique of a rotary
lawn mower for cutting lawn grass by a cutter blade accom-
modated 1n a housing.

Description of the Related Art

The rotary lawn mower cuts (clips) lawn grass by rotating
a cutter blade accommodated 1n a housing having an opened
bottom, along lawn grass to cut the lawn grass. As a
technique of such a lawn mower, for example, Japanese
Laid-Open Patent Publication No. 2002-315418 1s known.

The lawn mower known 1n Japanese Laid-Open Patent
Publication No. 2002-315418 includes a housing having an
opened bottom, a rotation shaft positioned inside the hous-
ing and extending in a vertical direction of the housing, and
a narrow and long cutter blade accommodated in the housing
in a manner that the cutter blade 1s rotatable about the
rotation shaft. This cutter blade has blades and air lifts at
both ends 1n a longitudinal direction. The blades are formed
at front edges 1n a rotation direction of the cutter blade, and
the air lifts are formed at rear edges 1n the rotation direction.
When the cutter blades are rotated, the air lifts generate an
upward air tlow and a swirl air flow. By orienting the lawn
grass growing on the lawn ground to stand upright by the
upward air flow, 1t 1s possible to cut (clip) the lawn grass by
the cutter blade efliciently. The lawn grass (grass clippings)
cut by the cutter blade 1s lifted upward, and swirled in the
housing by the upward air flow and the swirl air flow
generated by the air lifts, and then, transported into a grass
clippings container.

SUMMARY OF THE INVENTION

By increasing the rotation speed of the cutter blade, 1t 1s
possible to improve the lawn mowing performance and the
transportation performance for transportation of the cut lawn
grass to the grass clippings container. However, the lawn
mower produces noises during rotation of the cutter blade.
As the rotation speed of the cutter becomes high, the noises
tend to get louder. Therefore, there 1s a demand to generate
swirl wind etliciently without changing the rotation speed of
the cutter blade in accordance with the working condition
for lawn mowing operation.

An object of the present invention 1s to provide a tech-
nique which makes 1t possible to generate swirl wind
cihiciently for swirling grass clippings in the housing and
transporting the grass clippings into the grass clippings
container without changing the rotation speed of the cutter
blade in accordance with the working condition of lawn
mowing operation.

In the present invention, a lawn mower 1includes a housing
with an opened bottom, a rotation shaft extending in a
vertical direction of the housing and including a lower end
positioned within the housing, and a cutter blade provided
tfor the rotation shatt, and accommodated in the housing. The
cutter blade extends along a horizontal line which 1s per-
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2

pendicular (or substantially perpendicular) to the rotation
shaft. Further, the lawn mower includes a flap provided for
at least part of the cutter blade 1n a manner that the flap has
a flap angle changeable along the horizontal line, an actuator
configured to provide an output to control the tlap angle of
the flap, and a transmission mechanism configured to trans-
mit the output of the actuator to the flap.

Therefore, the flap angle of the flap of the cutter blade can
be set to the optimum angle by the actuator as necessary in
accordance with the working condition of the lawn mower.
Thus, swirl wind can be generated by the flap efliciently, 1n
accordance with the working condition of the lawn mowing
operation. The lawn grass (grass clippings) cut by the cutter
blade can be swirled by the swirl wind efliciently in the
housing, and transported into the grass clippings container
ciliciently. Accordingly, 1t 1s possible to improve the energy
consumption efliciency 1n the drive source (power source)
for driving the cutter blade. Further, 1t 1s not necessary to
change the rotation speed of the cutter blade.

Further, 1t 1s possible to control the tlap angle of the tlap
in accordance with the load state of the cutter blade and/or
the negative pressure state 1n the housing. By controlling the
tflap angle, 1t 1s possible to sufliciently suppress the jamming
phenomenon of the grass clippings which may occur in the
transportation path of the grass clippings from the housing
to the grass clipping container.

Further, during the operation at low load where, e.g., the
cutter blade 1s rotated 1dly, and no grass clipping operation
1s performed, by decreasing the flap angle of the flap, it 1s
possible to reduce the noises such as wind noises. Further,
it 1s possible to improve the noise suppression performance
regardless of the rotation speed of the cutter blade.

Further, when the grass clippings are blown by the swirl
wind to store the grass clippings in the grass clipping
container, by setting the tlap angle of the flap as necessary,
it 1s possible to adjust the distance by which the grass
clippings tly over the swirl wind. Consequently, it 1s possible

to efliciently store the grass clippings in the grass clippings
container.

Further, the rotation shait comprises a hollow shait. The
transmission mechanism 1s accommodated 1nside the hollow
shaft. That 1s, the transmission mechanism 1s provided by
utilizing the rotation shaft effectively. In the structure, by
accommodating in the hollow rotation shaft the transmission
mechanism that transmits the output of the actuator to the
flap, 1t 1s possible to efliciently provide the transmission
mechanism 1 a compact space in the housing efliciently.
Further, since the transmission mechanism 1s not exposed
into the housing, there 1s no concern of jamming between the
transmission mechanism and the housing. Further, the swirl
wind generated by the cutter blade or the flap can flow
smoothly into the housing without being obstructed by the
transmission mechanism. Therefore, though the transmis-
sion mechanism 1s present, it 1s possible to store the grass
clippings efliciently in the grass clippings container by
allowing the grass clippings to fly on the swirl wind flowing
smoothly.

Preferably, the transmission mechanism includes a control
shait fitted in the hollow shait in a manner that the control
shaft 1s slidable 1n an axial direction; and a conversion
mechamism accommodated inside the hollow shait. The
conversion mechamsm 1s capable of converting sliding
movement of the control shait into movement to change the
flap angle of the flap. A lower end of the control shait i1s
coupled to the flap through the conversion mechanism. An
output shaft of the actuator 1s combined with an upper end
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of the control shaft 1n a manner that the control shaft can be
driven to move 1n a sliding manner.

Thus, the control shait 1s driven by the actuator to move
in a sliding manner, and the sliding movement of the control
shaft can be converted into movement to change the flap 5
angle of the flaps. As a result, the flap angle can be controlled
by the actuator. Further, the transmission mechanism 1s
made up of the control shaift fitted into the hollow shaft in a
slidable manner in the axial direction, and the conversion
mechanism accommodated inside hollow shaft. Theretore, 10
by eflectively utilizing the 1inner space of the hollow rotation
shaft, the transmission mechanism can be stored efliciently.

Preferably, the conversion mechanism includes a pin
extending radially outward from the lower end of the control
shaft, and a cam including a cam surface which can contract 15
the pin. The cam 1s rotatably supported by the hollow shaft
about a swing center of the flap, and provided for the flap.
The cam surface comprises a cam groove capable ol con-
verting sliding movement of the pin which 1s displaced
vertically together with the control shaft in a sliding manner 20
into rotation movement of the cam.

In the structure, by the cam mechanism including the pin
and the cam, it 1s possible to form the simple and compact
conversion mechanism. Further, the sliding movement of the
control shaft can be converted into the movement for 25
changing the flap angle of the flap.

More preferably, the cam groove 1s formed around the
swing center of the flap, and has a V-shape oriented sub-
stantially 1n a lateral direction.

In the structure, by changing the slide direction of driving 30
the control shaft by the actuator, 1t 1s possible to change the
swing direction of the flap. For example, the swing direction
of the flap can be changed from upward to downward. In this
case, by reversing rotation of the rotation shait (hollow
shaft), 1t 1s possible to generate an upward air flow by the 35
flap. As described above, the swing direction of the flap and
the rotation direction of the rotation shait can be combined
as necessary, 1 accordance with the usage condition of the
lawn mower.

Preferably, the actuator comprises a linear actuator 40
including the output shaft slidable 1n the axial direction of
the control shaft. A roller bearing 1s interposed between the
output shaft and the control shatt.

In the structure, when the control shaft and the hollow
shaft are rotated together, the frictional resistance between 45
the output shaft of the linear actuator and the control shaift
can be reduced as much as possible. Therefore, even 1t the
control shaft 1s rotated at high speed, it is possible to
promptly and reliably drive the control shait to move in a
sliding manner by the linear actuator. Even during rotation 50
of the cutter blade, 1t 1s possible to set the flap angle
promptly and reliably to the optimum angle in correspon-
dence with the working condition of the lawn mower.

Preferably, the lawn mower further includes a lower cutter
blade positioned below the cutter blade. The lower cutter 55
blade comprises a fixed blade fixed to the hollow shatft.

When the cutter blade having the flap 1s rotated, 1t 1s
possible to generate the upward air tlow by the flap. The
magnitude of this upward air flow depends on the degree of
the flap angle of the flap. Negative pressure 1s generated 60
below the cutter blade by the upward air tlow. In correspon-
dence with the magnitude of this negative pressure, the
degree 1n which the lawn grass growing on the ground stands
upright changes. In this case, for ensuring that the lawn grass
alter lawn mowing operation has the constant height as 65
much as possible, 1t 1s more preferable to adjust the height
of the housing having the cutter blade finely.

4

In this regard, the lower cutter blade 1s positioned below
the cutter blade. This lower cutter blade comprises a fixed
blade which does not have any flap. Therefore, the magni-
tude of the negative pressure generated below the lower
cutter blade by the upward air flow 1s substantially constant.
The degree in which the lawn grass growing on the ground
stands upright 1s substantially constant. It 1s possible to
maintain the constant height of lawn grass after lawn mow-
ing operation as much as possible.

Therefore, 1t 1s possible to efliciently generate the swirl
wind by the flaps of the upper cutter blade, and ensure that
the lawn grass has the constant height after lawn mowing
operation by the lower cutter blade as much as possible. It
1s possible to reduce the working operation for finely adjust-
ing the height of the housing.

In the present invention, 1t 1s possible to ethciently
generate swirl wind for swirling lawn grass 1n the housing
and transporting the lawn grass to the grass clippings
container without changing the rotation speed of the cutter
blade, 1n accordance with the working condition for lawn
mowing operation.

The above and other objects, features and advantages of
the present mvention will become more apparent from the
following description when taken in conjunction with the
accompanying drawings in which a preferred embodiment

of the present mvention 1s shown by way of illustrative
example.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a left side view of a lawn mower of the present
invention;

FIG. 2 1s a plan view of the lawn mower shown in FIG.
1

FIG. 3 1s a cross sectional view showing a drive source,
a cutter mechanism, and an area around a cutter blade shown
in FIG. 1;

FIG. 4 1s a cross sectional view 1 which the cutter
mechamism and the area around the cutter blade shown in
FIG. 3 are enlarged;

FIG. 5 15 an exploded perspective view showing the cutter
blade and a lower cutter blade shown i1n FIG. 3;

FIG. 6 1s an exploded view showing a cutter blade, a tlap,
and an area around a conversion mechanism shown 1n FIG.
S;

FIG. 7A 1s a view showing a first relationship between the
flap and the conversion mechanism shown in FIG. 6;

FIG. 7B 1s a view showing a second relationship between
the flap and the conversion mechanism shown in FIG. 6;

FIG. 7C 1s a view showing a third relationship between
the flap and the conversion mechanism shown in FIG. 6; and

FIG. 7D 1s a view showing a fourth relationship between
the flap and the conversion mechamsm shown 1n FIG. 6.

DESCRIPTION OF THE PREFERREI
EMBODIMENTS

An embodiment for carrying out the present immvention
will be described with reference to the accompanying draw-
ngs.

A lawn mower according to the embodiment will be
described with reference to the drawings. It should be noted
that, 1n the following description, the words “front”, “rear”,
“lett”, “nght”, “upper”, and “lower” are used to refer to
directions as viewed from a human operator. “Fr” denotes

the front side, “Rr”” denotes the rear side”, “Le” denotes the
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left side, “R1” denotes the right side, and the “CL denotes™
the center of the machine width (central line of the machine
width).

As shown 1n FIGS. 1 and 2, a lawn mower 10 1s a
walk-behind, self-propelled working machine for cutting
lawn grass. The lawn mower 10 includes a housing 11, left
and right wheels 12 provided on the front side of the housing
11, left and right wheels 13 provided on the back side of the
housing 11, a cutter blade 14 accommodated inside the
center ol the housing 11 for cutting lawn grass, a drive
source 15 (engine 135) provided above the housing 11, and an
operation handle 16 extending backward from the housing
11. In the following description, a case where the drive
source 15 1s an engine 1s taken as an example. It should be
noted that the drive source 15 is not limited to the engine.
For example, the drive source 15 may be an electric motor.

As shown 1 FIG. 2, i a plan view, this lawn mower 10
rotates the cutter blade 14 clockwise by the engine 135 to cut
(clip) the lawn grass, and generates tflows of the air (swirl air
flow or swirl wind) in the housing 11 as indicated by an
arrow Ra. By the swirl air flow, the lawn grass cut by the
cutter blade 14 can be delivered to, and stored 1n a grass
clippings container 22 through a grass clippings discharge
passage 21. Heremafter, the lawn grass cut (clipped) by the
cutter blade 14 will be referred to as the “grass clippings”.

As shown 1n FIG. 1, this housing 11 1s a so-called opened
bottom housing where only the lower end surface (surface
facing the lawn ground Gr) of the housing 11 1s opened
entirely. This housing 11 1s a member having a spiral shape
in a plan view, 1.e., a spiral case (scroll case). The housing
11 has a scroll section for swirling the lawn grass cut by the
cutter blade 14 by the swirl wind, and transporting the lawn
grass (grass clippings) toward the grass clippings discharge
passage 21. Structure of this housing 11 1s well known (see
Japanese Patent No. 3771529).

As shown in FIG. 2, a mode switch damper 23 1s provided
for the grass clippings discharge passage 21. This mode
switch damper 23 can be operated by an unillustrated
operation lever. By operating the operation lever, it 1is
possible to switch the operating mode as necessary, between
(1) a bagging mode for opening the mode switch damper 23
to store the grass clippings in the grass clippings container
22 and (2) a mulching mode for closing the mode switch
damper 23 to discharge the grass clippings to a position
below the housing 11.

As shown 1 FIG. 3, this housing 11 also serves as a
machine body, and includes a stand 26 at an upper position.
The engine 15 1s mounted on an upper end surface of this
stand 26. The engine 15 has an output shait 154 extending
from its lower end toward the lawn ground Gr (ground Gr)
into the housing 11. The output shaft 154q 1s a rotation shaft
positioned above the housing 11, and extends 1n a vertical
direction (1n an up-down direction) of the housing 11.
Consequently, the output shait (rotation shatt) 15a 1s sub-
stantially perpendicular to the horizontal lawn ground Gr.

As shown 1n FIGS. 1 and 3, the left and right rear wheels
13 are travel drive wheels. That 1s, the power generated by
the engine 15 1s transmitted to the left and right rear wheels
13 through a transmission 27 (hydraulic continuously vari-
able transmission 27). An mput shait 27a of the hydraulic
continuously variable transmission 27 1s coupled to the
output shaft 15q of the engine 15 by a belt 28. This hydraulic
continuously variable transmission 27 can switch (reverse)
the rotation direction of an output shait 275 (wheel shatt
27b) outputted to the rear wheels 13, 1n response to the
rotation direction of the input shatt 27a driven by the engine
15, and switch (change the transmission) of the rotation
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speed of the output shaft 275 continuously, 1n response to the
rotation speed of the mput shaft 27a. The structure of this
hydraulic continuously variable transmission 27 i1s well
known (e.g., see Japanese Laid-Open Patent Publication No.
2002-315416).

As shown 1n FIG. 3, the power generated by the engine 15
1s transmitted to a cutter mechanism 40 by a working power
transmission system 30. A clutch 31 and a power transmis-
sion mechamsm 32 are provided in the working power
transmission system 30 from the engine 15 to a rotation shaft
41 of the cutter mechamism 40. The power transmission
mechanism 32 1s made up of a drive gear 33 and a driven
gear 34. The drive gear 33 1s attached to the output shait 15a
of the engine 15 through the clutch 31. The driven gear 34
1s attached to an upper end 415 of the rotation shaft 41.
These gears 33, 34 are spur gears. When the clutch 31 1s 1n
the OFF state, the rotation shaft 41 1s released from the
output shaft 15a of the engine 15. When the clutch 31 1s 1n
the ON state, the rotation shait 41 1s coupled to the output

shaft 15a of the engine 15. Hereinafter, this cutter mecha-
nism 40 and the cutter blade 14 will be described in detail.

As shown 1n FIG. 4, the cutter mechanism 40 includes the
rotation shaft 41 and a transmission mechanism 70. This
transmission mechanism 70 will be described later. The
rotation shait 41 extends in a vertical direction of the
housing 11. The rotation shait 41 1s positioned 1n parallel to
the output shaft 15q of the engine 15. This rotation shait 41
1s supported by bearings 42, 43 1n a manner that the rotation
shaft 41 1s rotatable but restricted axially with respect to the
stand 26. Consequently, the rotation shaft 41 1s supported 1n
a manner that the rotation shaft 41 1s rotatable with respect
to the housing 11, and movement of the rotation shait 41 in
the axial direction is restricted.

The rotation shaft 41 1s a hollow shaft. Hereinafter, this
rotation shait 41 will also be referred to as the “hollow shaft
417 as necessary. A lower end 41a of the rotation shait 41 1s
positioned within the housing 11. The diameter of this lower
end 41a of the rotation shaft 41 1s larger than the other
portion of the rotation shaft 41. The lower end 414 1s opened
downward to have a substantially cup shape. The opened
end surface 1n the lower end 41a 1s closed by a cap 44. The
cap 44 1s detachably attached to the lower end 41a of the
rotation shaft 41 by a fixing member such as a bolt. The
inside of the lower end 41a and the cap 44 form a space 45.

As shown in FIGS. 4 and 5, the cutter blade 14 1s provided
for the rotation shait 41, and placed in the housing 11. This
cutter blade 14 1s a long narrow member having a substan-
tially flat plate shape 1 a plan view, extending 1n a hori-
zontal line 46 perpendicular to (or substantially perpendicu-
lar to) the rotation shaft 41. Both ends of the cutter blade 14
in the longitudinal direction have a pair of blades 14a, at
front edges of the cutter blade 14 1n the rotation direction.

Further, an annular hub 51 1s provided at the center of the
cutter blade 14 1n the longitudinal direction. The hub 51 1s
an annular member fitted to an outer circumierential surface
ol the lower end 41a of the rotation shaft 41. The hub 51 1s
detachably attached to the lower end 41a by a fixing member
such as a bolt. Therefore, the cutter blade 14 1s rotatable
together with the rotation shait 41.

As shown 1 FIGS. 3, 5, and 6, flaps 52 are formed at least
at part of the cutter blade 14. The range of the flaps 52 1n the

cutter blade 14 may be any of, only part of the cutter blade
14, the half of the front end of the cutter blade 14, and the

entire cutter blade 14.

For example, the tlaps 52 are provided at both ends of the
cutter blade 14 1n the longitudinal direction. The flaps 52 are
provided opposite to the pair of blades 14a with respect to
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the cutter blade 14. The cutter blade 14 1s cut out for the
space required for providing the flaps 52.

The flap angle (upper and lower swing angles) of the flaps
52 can be changed along the horizontal line 46. More
specifically, two flap support shafts 53 (as a pair) are
provided on the horizontal line 46. The flap support shafts 53
are provided concentrically with each other. One end of each
of the pair of tlap support shaits 33 extends through the hub
51, into the space 435 (see FIG. 4) of the lower end 414 of the
rotation shaft 41. Further, the one end of each of the pair of
the tlap support shaits 53 1s rotatably supported by the hub
51. The movement of the flap support shaft 53 1n the axial
direction 1s restricted.

The pair of flaps 52 1s attached to the pair of the flap
support shafts 53. In the structure, the flaps 52 can swing 1n
accordance with rotation of the flap support shaits 53
vertically (direction of the upper and lower surfaces of the
flaps 52) about the flap support shafts 53. That 1s, the flaps
52 are auxiliary blades that can swing up and down along the
horizontal line 46 (in the longitudinal direction of the cutter
blade 14). Hereinafter, the tlaps 52 will also be referred to as
the “auxiliary blades 52 as necessary.

As shown 1n FIGS. 3 and 4, the flap angle of the flaps 52
1s controlled by an output from an actuator 60. That 1s, the
output of the actuator 60 1s transmitted to the flaps 52 by the
transmission mechanism 70. This transmission mechanism
70 1s accommodated inside the hollow shait 41 (rotation
shaft 41). The transmission mechanism 70 1s made up of a
control shaft 71 and a conversion mechanism 80.

The control shaft 71 1s slidable in the axial direction with
respect to the hollow shait 41, and relative rotation of the
control shaft 71 with respect to the hollow shaft 41 1is
restricted, and the control shaft 71 i1s fitted into the hollow
shaft 41. Specifically, the control shaft 71 1s slidable along
the hollow shait 41 by a spline 72, and relative rotation of
the control shait 71 1s restricted. It should be noted that the
control shait 71 may adopt structure using serration or
parallel keys instead of the spline 72.

The actuator 60 1s a linear actuator. That 1s, an output shaft
60a of the actuator 60 1s slidable in the axial direction of the
control shaft 71. The output shait 60a and the control shaft
71 are positioned concentrically with respect to the hollow
shaft 41.

The output shait 60q of the actuator 60 1s combined with
an upper end 71a of the control shaft 71 in a manner that the
control shaft 71 can be driven to move 1n a sliding manner.
More specifically, a recess 73 having a circular shape 1n
cross section 1s formed at an upper end of the control shaft
71. The recess 73 1s opened upward. The output shait 60a of
the actuator 60 1s fitted to the recess 73.

Two roller bearings 74, 75 are interposed between the
output shatt 60a of the actuator 60 and the control shait 71.
One of the roller bearings 74, 75 1s a radial bearing 74, and
the other of the roller bearings 74, 75 1s a thrust bearing 75.
It should be noted that the two roller bearings 74, 75 may
comprise needle bearings. The outer circumierential surface
of the output shaft 60a 1s supported by the radial bearing 74
in a manner that the outer circumierential surface of the
output shaft 60a 1s rotatable, and slidable on the inner
circumierential surface of the recess 73. The lower end
surface of the output shait 60a rotatably contacts the bottom
surface of the recess 73 through the thrust bearing 75. The
output shaft 60a moves down to displace the control shait 71
in a sliding manner through the thrust bearing 75.

A lower end 715b of the control shait 71 extends into the
space 45, and faces an upper surface of the cap 44. A
compression coil spring 76 (return spring 76) 1s interposed
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between the lower end surface of the control shaft 71 and the
upper surtace of the cap 44. The compression coil spring 76
biases the control shait 71 toward the lower end surface of
the output shait 60a of the actuator 60. In the structure, the
lower end surface of the output shait 60a contacts the bottom
surface of the recess 73 through the thrust bearing 75 all the
time. As the output shait 60a moves upward, the compres-
s1on coil spring 76 can displace the control shait 71 upward
in a sliding manner. Consequently, the control shaft 71 1s
synchronized with forward/backward movement of the out-
put shait 60q of the actuator 60, and can slide vertically in
the same direction as the output shait 60aq.

The conversion mechanism 80 1s capable of converting
the slide movement of the control shaft 71 into movement to
change the flap angle of the flaps 52, 1.e., swing movement,

and the conversion mechanism 80 1s accommodated inside
the hollow shaft 41 (1.e., the space 43). That 1s, the lower end

71b of the control shaft 71 1s coupled to the flaps 52 through

the conversion mechanism 80.

As shown 1n FIGS. 4 to 7D, this conversion mechanism
80 i1ncludes a pin 81 and a pair of cams 82. The pin 81
extends outside toward both sides 1n the radial direction
from the lower end 715 of the control shatt 71. For example,
the pin 81 passes through the lower end 715 in the radial
direction.

The two cams 82 (as a pair) are circular disk members.
Each of the cams 82 1s connected to one end of each of the
pair of flap support shafts 53. The pair of cams 82 1s
rotatable about the pair of the flap support shafts 33, and
supported at the lower end 41a of the rotation shait 41. As
described above, the pair of cams 82 1s rotatably supported
by the hollow shait 41 about a swing center 52a (horizontal
line 46) of the flaps 52, and provided at the flaps 52 by the
flap support shafts 53.

The cams 82 have cam surfaces 83 which can contact the
pin 81. The cam surfaces 83 face each other. The front end
of the pin 81 can contact the cam surfaces 83. These cam
surfaces 83 are formed by cam grooves which are configured
to convert the sliding movement of the pin 81 which 1s
displaced vertically together with the control shait 71 nto
the rotation movement of the cams 82. Hereinafter, the cam
surfaces 83 will also be referred to as the “cam grooves 83”
as necessary. The outer circumierential surface of the pin 81
slides along the side surfaces of the cam grooves 83, and can
be displaced vertically. As a result, the cam 82 1s rotated.

As shown in FIGS. 6 and 7A, this cam groove 83 1is
formed around the swing center 52a of the flap 52, and has
a V-shape oriented substantially in a lateral direction. In this
regard, the swing center 32a of the flap 52 1s in alignment
with a center 53a of the flap support shaft 33 and a rotation
center 82a of the cam 82. The swing center 52a of the flap
52 1s positioned along the horizontal line 46 perpendicular to
the rotation shaft 41. More specifically, the cam groove 83
includes a groove center 84 positioned on the rotation center
82a of the cam 82, an upper groove 85 extending upward
obliquely from the groove center 84, and a lower groove 86
extending downward obliquely from the groove center 84.
The groove center 84, the upper groove 83, and the lower
groove 86 are continuous.

Next, operation relationship between the conversion
mechanism 80 and the flaps 52 will be described with
reference to FIGS. 7TA to 7D. FIG. 7A shows the relationship
between the conversion mechanism 80 and the tlap 52 when
the flap 52 1s 1n the horizontal state (flap angle 0r=0°). At this
time, the pin 81 1s positioned at the groove center 84 (the
rotation center 82a of the cam 82). The cutter blade 14 1s
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rotated 1n a direction indicated by an arrow Rb together with
the flap 52 in the horizontal state. Thus, the cutter blade 14
can cut (clip) the lawn grass.

Thereafter, the pin 81 1s displaced downward (in a direc-
tion indicated by an arrow Ad) together with the control
shaft 71 shown in FIG. 6, to push the side wall of the lower
groove 86 of the cam groove 83 downward. Since the cam
82 and the flap support shait 53 are rotated clockwise, the
flap 52 swings upward. The result 1s shown 1n FIG. 7B. The
degree of the swing angle Or at which the flap 52 swings
from the horizontal state, 1.e., the degree of the flap angle Or
corresponds to the downward displacement amount of the
control shaft 71. By rotation of the cutter blade 14, the flap
52 generates upward air flow Rc.

Thereafter, the pin 81 1s displaced upward (1n a direction
indicated by an arrow Au) together with the control shait 71
shown 1 FIG. 6. The pin 81 1s in the so-called “missed
swing~ state where the pin 81 1s only displaced upward 1n
the lower groove 86 until the pin 81 returns to the groove
center 84. Therelore, the flap angle Or of the flap 52 does not
change.

Thereafter, as shown 1 FIG. 7C, the pin 81 1s displaced
turther upward from the groove center 84 (in a direction
indicated by an arrow Au) to push the side wall of the upper
groove 85 upward. Since the cam 82 and the flap support
shaft 53 are rotated counterclockwise in the drawing, the tlap
52 swings downward. The result 1s shown 1n FIG. 7D. The
flap 52 returns to the horizontal state (flap angle 0r=0°).

The above explanation 1s summarized below. As shown 1n
FIGS. 4, 5, 7A to 7D, the lawn mower 10 includes the flaps
52 (auxihary blades 52) provided along the horizontal line
46, at least at part of the cutter blade 14 1n a manner that the
flap angle Or (swing angle Or) can be changed, the actuator
60 having (generating) an output to control the tflap angle Or
of the flaps 52, and the transmission mechanism 70 for
transmitting the output of the actuator 60 to the tlaps 52.

Theretfore, the flap angle Or of the flaps 32 of the cutter
blade 14 can be set to the optimum angle by the actuator 60
as necessary in accordance with the working condition of the
lawn mower 10. Thus, swirl wind can be generated by the
flaps 52 efliciently, 1n accordance with the working condi-
tion for lawn mowing operation. The grass clippings can be
swirled by the swirl wind efliciently in the housing 11, and
transported 1nto the grass clippings container 22 (see FIG. 2)
ciliciently. Accordingly, 1t 1s possible to improve the energy
consumption efliciency 1n the drive source (power source)
15 for driving the cutter blade 14. Further, it 1s not necessary
to change the rotation speed of the cutter blade 14.

Further, 1t 1s possible to control the flap angle Or of the
flaps 52 1n accordance with the load state of the cutter blade
14 and/or the negative pressure state 1n the housing 11. By
controlling the flap angle Or of the flaps 52, it 1s possible to
suiliciently suppress the jamming phenomenon of the grass
clippings which may occur 1n the transportation path of the
grass clippings from the housing 11 to the grass clippings
container 22.

Further, during the operation at low load where, e.g., the
cutter blade 14 1s rotated 1dly, and no grass clipping opera-
tion 1s performed, by decreasing the flap angle Or of the flaps
52, 1t 1s possible to reduce the noises such as wind noises.
Further, it 1s possible to improve the noise suppression
performance regardless of the rotation speed of the cutter
blade 14.

Further, when the grass clippings are blown by the swirl
wind to store the grass clippings in the grass clippings
container 22, by setting the flap angle Or of the flaps 52 as
necessary, it 1s possible to adjust the distance by which the
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grass clippings fly over the swirl wind. Consequently, 1t 1s
possible to efliciently store the grass clippings in the grass
clippings container 22.

Further, as shown 1n FIG. 4, the transmission mechanism
70 1s accommodated 1nside the hollow shaft 41. That 1s, the
transmission mechanism 70 1s provided by utilizing the
rotation shaft 41 effectively. By accommodating the trans-
mission mechanism 70 1n the hollow rotation shaft 41, 1t 1s
possible to ethiciently provide the transmission mechanism
70 1n a compact space 1n the housing 11 efliciently. Further,
since the transmission mechanism 70 1s not exposed 1nto the
housing 11, there 1s no concern of jamming between the
transmission mechanism 70 and the housing 11. Further, the
swirl wind generated by the cutter blade 14 or the flaps 52
can flow smoothly into the housing 11 without being
obstructed by the transmission mechanism 70. Therefore,
though the transmission mechanism 70 1s present, 1t 1s
possible to store the grass clippings efliciently 1n the grass
clippings container 22 by allowing the grass clippings to fly
over the swirl wind which flows smoothly.

Further, as shown 1n FIG. 4, the transmission mechanism
70 includes the control shait 71 and the conversion mecha-
nism 80. The lower end 7156 of the control shait 71 1s
coupled to the flaps 52 through the conversion mechanism
80. The output shatt 60a of the actuator 60 1s combined with
the upper end 71a of the control shait 71 1n a manner that the
control shaft 71 can be driven to move 1n a sliding manner.
Thus, the control shaft 71 1s driven by the actuator 60 to
move 1n a sliding manner, and the sliding movement of the
control shaft 71 can be converted by the conversion mecha-
nism 80 into movement to change the flap angle Or of the
flaps 52. As a result, the flap angle Or can be controlled by
the actuator 60. Further, the transmission mechanism 70 1s
made up of the control shaft 71 fitted into the hollow shaft
41 1n a slidable manner i1n the axial direction, and the
conversion mechanism 80 accommodated inside the hollow
shaft 41. Therefore, the transmission mechanism 70 can be
accommodated efliciently 1n the rotation shaft 41, by eflec-
tively utilizing the inner space of the hollow rotation shaft
41.

Further, as shown in FIG. 4, by the cam mechanism made
up of the pin 81 and the cams 82, 1t 1s possible to form the
simple and compact conversion mechanism 80. Further, the
sliding movement of the control shaft 71 can be converted
into movement of changing the flap angle Or of the flaps 52
promptly.

Further, as shown 1n FIGS. 4 and 6, the cam groove 83 1s
formed 1n a V-shape substantially oriented laterally, around
the swing center 52a of the flaps 52. In the structure, by
changing the slide direction of driving the control shaft 71
by the actuator 60, 1t 1s possible to change the swing
direction of the tlaps 52. For example, the swing direction of
the flaps 52 can be changed from upward to downward. In
this case, by reversing rotation of the rotation shaft 41, it 1s
possible to generate an upward air flow by the tlaps 52. As
described above, the swing direction of the flaps 52 and the
rotation direction of the rotation shait 41 can be combined
as necessary, in accordance with the usage condition of the
lawn mower 10.

Further, as shown in FIG. 4, the roller bearings 74, 75 are
interposed between the output shaft 60a of the linear actua-
tor 60 and the control shaft 71. In the structure, when the
control shaft 71 and the hollow shaft 41 are rotated together,
the frictional resistance between the output shatt 60a of the
linear actuator 60 and the control shait 71 can be reduced as
much as possible. Therefore, even 11 the control shaft 71 1s
rotated at high speed, 1t 1s possible to promptly and reliably
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drive the control shaft 71 to move 1n a sliding manner by the
linear actuator 60. Even during rotation of the cutter blade
14, 1t 1s possible to set the flap angle Or of the flaps 52
promptly and reliably to the optimum angle in accordance
with the working condition of the lawn mower 10.

In this regard, when the cutter blade 14 having the flaps
52 shown in FIGS. 1 and 3 1s rotated, 1t 1s possible to
generate the upward air tlow by the flaps 52. The magnitude
of this upward air flow depends on the degree of the flap
angle Or of the flaps 52. Negative pressure 1s generated
below the cutter blade 14 by the upward air flow. In
correspondence with the magnitude of this negative pres-
sure, the degree 1n which the lawn grass growing on the lawn
ground Gr (ground Gr) stands upright changes. For ensuring
that the lawn grass after lawn mowing operation has a
constant height as much as possible, 1t 1s more preferable to
adjust the height of the housing 11 having the cutter blade 14
finely.

In this regard, as shown in FIGS. 4 and 5, a lower cutter
blade 91 1s positioned below the cutter blade 14. This lower
cutter blade 91 comprises a fixed blade fixed to the rotation
shaft 41 (hollow shaift 41). That 1s, the lower cutter blade 91
1s removably attached to the cap 44 by a fixing member such
as a bolt. In the structure, the lower cutter blade 91 1s
rotatable together with the rotation shaft 41. This lower
cutter blade 91 1s a narrow and long member having a
substantially flat plate shape 1n a plan view, and basically
extends along the cutter blade 14. This lower cutter blade 91
may be positioned 1n slightly out of phase with the cutter
blade 14. Two blades 91a (as a pair) are provided at both
ends of the lower cutter blade 91 in the longitudinal direc-
tion. The blades 91a are formed on the front edges of the
lower cutter blade 91 1n the rotation direction Rb.

Therefore, the magnitude of the negative pressure gener-
ated below the lower cutter blade 91 by the upward air tlow
1s substantially constant. The degree 1n which the lawn grass
growing on the lawn ground Gr (ground Gr) stands upright
1s substantially constant. It 1s possible to keep the height of
lawn grass after lawn mowing operation as constant as
possible.

Therelore, it 1s possible to efliciently generate the swirl
wind by the flaps 52 of the upper cutter blade 14, and ensure
that the lawn grass has the constant height after lawn
mowing operation by the lower cutter blade 91 as much as
possible.

The lawn mower 10 of the present imnvention 1s suitably
adopted as a walk-behind lawn mower.

While the mvention has been particularly shown and
described with reference to a preferred embodiment, 1t will
be understood that vanations and modifications can be
cllected thereto by those skilled 1n the art without departing
from the scope of the invention as defined by the appended
claims.

What 1s claimed 1s:

1. A lawn mower comprising;

a housing including an opened bottom;
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a rotation shait extending 1n a vertical direction of the
housing and including a lower end positioned within
the housing;

a cutter blade provided for the rotation shaft and accom-
modated in the housing, the cutter blade extending
along a horizontal line which 1s perpendicular to the
rotation shaft;

a flap provided for at least part of the cutter blade, the tlap
having a flap angle changeable along the horizontal
line:

an actuator configured to provide an output to control the
flap angle of the flap; and

a transmission mechanism configured to transmit the
output of the actuator to the tlap,

wherein the rotation shaft comprises a hollow shait; and

the transmission mechanism 1s accommodated 1nside the
hollow shaft.

2. The lawn mower according to claim 1, wherein the

transmission mechanism comprises:

a control shaft fitted 1n the hollow shaft 1n a manner that
the control shaft 1s slidable 1n an axial direction; and

a conversion mechanism accommodated inside the hol-
low shait, the conversion mechanism capable of con-
verting sliding movement of the control shaft into
movement to change the flap angle of the flap,

wherein a lower end of the control shatt 1s coupled to the
tflap through the conversion mechamism; and

an output shaft of the actuator 1s combined with an upper
end of the control shaft in a manner that the control

shaft 1s driven to move 1n a sliding manner.

3. The lawn mower according to claim 2, wherein the
conversion mechanism comprises:

a pin extending radially outward from the lower end of the

control shaft; and

a cam including a cam surface which can contract the pin,

wherein the cam 1s rotatably supported by the hollow
shaft about a swing center of the flap, and provided for
the flap; and

the cam surface comprises a cam groove capable of
converting sliding movement of the pin which 1s dis-
placed vertically together with the control shaft in a
sliding manner into rotation movement of the cam.

4. The lawn mower according to claim 3, wherein the cam
groove 1s formed around the swing center of the flap, and has
a V-shape oriented substantially 1n a lateral direction.

5. The lawn mower according to claim 2, wherein the
actuator comprises a linear actuator including the output
shaft slidable 1n the axial direction of the control shaft; and

a roller bearing 1s interposed between the output shait and
the control shatt.

6. The lawn mower according to claim 1, further com-

prising a lower cutter blade positioned below the cutter
blade, wherein the lower cutter blade comprises a fixed

blade fixed to the hollow shatft.
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